INTRODUCTION
Blood blister-like aneurysms (BBAs) have several unique characteristics that differ from those of regular saccular aneurysms. These include 1) a typical small hemispheric, broad-based appearance, with a lack of an identifiable neck originating from a non branching site of an artery 1, 10, 15, 16, 22) ; 2) instability, with the lesion showing morphological changes on short-term angiographic follow up 1, 15, 16, 22) ; and 3) fragility, with the lesion prone to rupture or regrowth after incomplete treatment 1, 10, 15, 16, 22) . Interestingly, these three typical properties of BBAs (appearance, instability, and fragility) seem to be observed in vertebral artery nial VADs with Mizutani type 4 and compared their demographic, radiological, and clinical data with those of BBAs to elucidate common and distinct features of these two disease entities.
MATERIALS AND METHODS
Over a 6-year period, 871 patients with aneurysmal subarachnoid hemorrhage (SAH) were treated at a tertiary referral center. Fourteen of these patients had aneurysms along the anterior aspect of the nonbranching sites of the internal carotid artery (ICA). Among these, three cases of saccular aneurysm were excluded and the remaining 11 cases of BBAs with typical angiographic findings of a broad-based, small hemispheric appearance 1, 15, 16) were included in this study. All the patients were intraoperatively confirmed as having a BBA, except one patient in whom endovascular treatment was attempted. During the same period, 64 cases of spontaneous VADs in 58 patients were treated at the same institute. Four patients had extracranial (one in V2, three in V3) VAD and these patients presented with non-hemorrhagic symptoms. The other 54 patients with intracranial VAD showed various clinical presentations. Of these, 20 patients had SAH due to a rupture VAD. Among 20 ruptured intracranial VADs, seven patients had VADs with a short segmental eccentric dilatation (Mizutani type 4) which is morphologically similar to a BBA.
The clinical and radiological data of the 11 patients with BBAs and the seven patients with ruptured intracranial VADs with Mizutani type 4 were retrospectively reviewed. The variables assessed included age, gender, vascular risk factors (e.g., hypertension and diabetes mellitus), Hunt Hess grade 9) , Fisher grade 6) , hydrocephalus, vasospasms, and clinical outcome (preoperative, intraoperative, and postoperative rebleeding and the Glasgow Outcome Scale 11) at the time of discharge). Independent t-tests, Mann-Whitney tests, and Fisher's exact test were performed for the statistical analysis using SPSS version 15 (SPSS Inc., Chicago, IL, USA). A p value less than 0.05 was considered statistically significant.
RESULTS
The mean age of the patients in the BBA and Mizutani type 4 VAD group was 47.9±11.5 and 46.4±19.7, respectively. All the patients in the BBA group were women, whereas there was a slight predominance of males in the VAD group (male : female ratio of 4 : 3, p=0.011). Five of the 11 (45.5%) patients with BBAs had a history of hypertension, and two of the seven (28.6%) patients in the VAD group had a history of hypertension. The prevalence of diabetes mellitus was slightly higher in the VAD group (1 of 7 cases, 14.3%) than in the BBA group (none of the 11 cases). The initial Hunt and Hess grades and Fisher grades on admission were not significantly different between the groups ( Table 1) .
Ten of the BBAs were treated with microvascular surgery, and one was treated with endovascular occlusion. Among those who underwent microsurgery, seven BBAs were clipped, and three were treated with clip wrapping. The three BBAs treated with clip wrapping were completely secured from the circulation. However, rebleeding occurred in two of the seven (28.6%) BBAs treated with clipping. One of these required re-clipping with ICA stenosis, and one required trapping of the ICA. One patient treated with endovascular trapping of the ICA rebled. This patient expired, despite nearly complete occlusion of the parent artery.
Various treatment modalities, such as endovascular trapping (n=4), stenting (n=2), and simple coiling (n=1), were attempted in the VAD group. Excellent angiographic results were achieved in all the cases treated with trapping and in one case of stenting. Additional therapeutic occlusion such as endovascular internal trapping and stent-assisted coil embolization of the vertebral artery was needed in one case of stenting and in one case of simple coiling, respectively, due to rebleeding and regrowth of the pseudoaneurysm.
There was no statistically significant between-group difference in preoperative and postoperative rebleeding. Interestingly, the postoperative rebleeding rate was high in both groups (n=3, 27.3% in BBA; n=2, 28.6% in VAD) compared to that of usual saccular aneurysms. 14) Intraoperative rebleeding occurred more frequently in the BBA group (n=5, 45.5%) than in the VAD group (n=0, 0%) although statistical significance was not found. Symptomatic vasospasms developed in three (27.3%) of the patients with BBAs and in none of the patients with VADs (p=0.245). There was no statistically significant between-group difference in the development of hydrocephalus or in the Glasgow outcome scale at the time of discharge.
DISCUSSION
Is BBA a kind of specific type of dissection?
There are limited data in the literature related to the pathomechanism underlying the development of BBAs. One proposed pathomechanism of BBA is short segment arterial dissection 4, 12, 15, 16, 19, 20) . Mizutani et al. 12) classified BBAs as a subtype of nonatherosclerotic dissecting aneurysm. Day et al. 4) speculated that a BBA represents a focal dissection, resembling that seen in the proximal intracranial vertebral artery near the origin of the posteroinferior cerebellar artery. Not only has the hypothesis been reported that BBA might be a kind of dissection 15, 20) , but also the association with ICA dissection as a causative factor for BBA has been reported 16, 19) . Ishikawa et al. 10) provided a valuable pathological description of a BBA that included disruption of the internal elastic lamina and media, which were covered with normal adventitia. Interestingly, aformentioned findings seem very similar to those of pseudoaneurysms in arterial dissection 8) . Nevertheless, it is not easy to correlate the natural history of a BBA with that of an arterial dissection arising in other parts of the vasculature in the clinical setting. This is mainly because the clinical features (shape, location, clinical presentation, and prognosis) of arterial dissections are more variable than those of BBAs which are strikingly homogeneous 3, 5, 17, 21, 24) . However, intracranial ruptured arterial dissections have surprisingly similar clinical characteristics in terms of appearance, fragility, and instability to those of BBAs 2, 7, 13, 17, 21, 24) . In a ruptured VAD, Friedman and Drake 7) described operative findings of a "blister-thin" arterial wall. Many pseudoaneurysms of the intracranial VADs angiographically show focal aneurysmal dilatation 21) , without a definite neck (Fig. 1) , as is seen in BBAs 22) . BBAs and VADs appear to have unique characteristics for their anatomic location, as both of them are rarely seen at arterial bifurcations. In addition to the dynamic nature of VADs, which include morphological changes on serial angiographic follow up (e.g., recanalization or pseudoaneurysm formation) 2, 7, 13, 24) , incomplete treatment of a ruptured VAD usually results in dramatic aneurysmal growth or rupture 2, 7, 17, 24) , and all of this represents their instability.
We assumed that the similarity of VADs and BBAs may be due to their similar anatomical origin, with both usually developing in relatively large, nonbranching vessels. These vessels have an abrupt curvature and run from the fixed segment in fibrous tissue to the straightened movable segment in the wide cisternal space. The relatively large-bore, straightened vessels just behind the acute curvature might be more susceptible to hemodynamic stress.
One major difference between VADs and BBAs is the occasional presence of an intimal flap in the former that is hardly ever found in the latter. The short segment dissection in VAD shows typical aneurysmal dilatation, without an intimal flap or pseudolumen 18, 21) . In contrast, VAD involving the long vessel segment is often accompanied by an intimal flap, a true/false lumen, the pearl and string sign, and intraluminal thrombosis or recanalization 3, 21) . From a similar point of view, it is conceivably assumed that short segment involvement of BBA might be attributed to the absence of the intimal flap.
Our data analysis
In this study, the patients in each group were well matched for age, vascular risk factors, clinical grade, and radiological grade, although the patients were consecutively enrolled. In accordance with previous studies on VADs, the patients in both groups were relatively young 3, 5, 13, 18, 21) . When compared BBAs and Mizutani type 4 VADs, many clinical features of them showed very similar pattern in addition to their common radiologic features. Gender and intraoperative rebleeding were different between the two groups. Many other studies have established the female dominancy in BBAs, although the reason for this is uncertain 16, 20, 22) . They have also reported that VAD shows a male preponderance 18, 21, 23) . The overwhelming majority of BBAs showed intraoperative rupture. This is because most of the BBAs were treated with microsurgery in which direct manipulation of the fragile aneurysmal dome is frequently attempted, in contrast to most of the VADs, which were mainly treated with an endovascular method. Postoperative rebleeding was much more frequent in both groups than in patients with other saccular aneurysms. Thus, successful treatment in both BBAs and VADs can be guaranteed only with complete separation of the diseased lesion from the normal circulation. Postoperative rebleeding seems to be a common characteristic of both BBAs and VADs. In contrast, recanalization, regrowth, compaction, and a neck remnant after clipping or coiling of other saccular aneurysms do not usually result in rebleeding 14) . These findings in this article do not necessarily point to these two disease entities having a similar natural history nor having different clinical features. However, they may provide some clues as to the pathomechanism underlying these rare and interesting aneurysms and lead to a large-scale study in the future.
Limitations of this study
Mainly due to difficulty obtaining pathological specimens of BBA and VAD, we could not compare pathological differences between the two groups. This study cannot draw definitive conclusions due to the lack of a thorough analysis of 3D angiography, including a study of flow dynamics and an assessment of the vessel wall by repeated imaging, in addition to an analysis of blood parameters, coagulation in particular. However, we rather insist on the severity of both disease, and on the poor outcomes of the disease in the majority of the cases whatever the treatment is applied, bringing into the light the fact that trapping seems to be better than other less invasive therapeutic options in both conditions.
The various presentations of VAD (clinically and radiographically) as well as the different proportions of males and females in the two groups, should be the subjects of further studies. In addition, the reason for a long segment and bilateral involvement of VAD (which almost exclusively does not happen in BBA) should be clarified in the future. Further pathological study is needed to elucidate the pathophysiological mechanisms for these disease entities.
CONCLUSION
After excluding the differences in the treatment modalities (microsurgery or endovascular surgery), as well as the location (anterior circulation or posterior circulation), similar clinical characteristics of BBAs and ruptured Mizutani type 4 VADs are that they occur in young patients and have unstable hemodynamics. However, there was a significant difference in gender and intraoperative rebleeding rates between the groups. The need to completely isolate the aneurysm from the parent artery might be the most important thing in common between these two disease entities.
